where W, is the input-to-hidden layer i x j weight matrix, W,, is a rank-j vector of biases and F is an activation function. The output of the AAMLP can then be written as
where W, is the hidden-to-output layer j x k weight matrix and W,, is a rank-k vector of biases. Now consider the SVD of X, given by [7] with T being an arbitrary non-singular j x j scaling matrix. U, has i x j elements, Si has j x j elements and V'hasj x N elements. Furthermore, Bourlard and Kamp [9] show
where W, are the input-to-hidden layer weights and a is derived from a power series expansion of the activation function, fix) = ~6 + a,x for small x. For a linear activation function, as in this
Letter, a,, = 0, cq = 1. The bias weights given by [9] reduce to W l b = -C?I'TUj@x = --U;@x
where p.y = (l/N)ZNxt, the average of the training (input) vectors and T is set to be the (j x J] identity matrix since the output is unaffected by the scaling. (Eqns. 1 -5 give the output of the AAMLP as yk = U,U,'X-U,'px + px where T has cancelled.) where g is the number of iterations through the N x i training set. For a typical value of N = 300 QRS complexes (approximately five minutes of data), g is of the order 2 x lo3. In experiments on patient 109 of the MIT-BIH database [l] where the AAMLP was coded in 'c' and SVD implemented in Matlab, SVD took of the order of l t 3 of the time of the backpropagation algorithm to compute the weights. Furthermore, for N = 300 the same accuracy was achieved for the network with the back-propagation trained weights; 99.3% of the 2067 normal beats and 31 of the 32 ectopic beats were correctly classified. The trained weights can be updated on-line with back propaga-
where g' is the number of iterations to encode the change in variance in the training set due to the new QRS complex. (Typically g' = 10.)
Conclusions:
The AAMI allows only five minutes for ECG data collection and classifier training [3] . In a previous paper [l] we described a method for effective identification of ectopic beats in the ECG in real time. However, the number of iterations required to train the algorithm meant that the AAMI guidelines could not be adhered to.
In this Letter we have detailed a method for reducing the training time to a single epoch which takes less than one second on most modern PCs. Once the training is complete, the weights can then be updated to adapt to any gradual long-term morphological changes. Power scalability to 6 W of 770 nm source based on seeded fibre amplifier and PPKTP P.A. Champert, S.V. Popov and J.R. Taylor A 6W average power at 772nm is achieved by using a fibre integrated optical modulator for seeding of a 1OW erbium fibre amplifier followed by 64%) efficient second-harmonic generation in PPKTP. The source benefits from compact, efficient, fibre-based format and high overall efficiency.
Acknowledgments
Recently, we have noticed considerable flagging of interest in the application of periodically poled materials for high power frequency-up conversion in the visible. The major reasons for this are significant photorefraction [ 11, visible-induced infrared absorption and thermal loading [2] , and, particularly in KTP, grey tracking [3, 4] which reduce the optical damage threshold of these ferroelectric materials and lower the efficiency of nonlinear conversion. These effects significantly scale down in the red and near-infrared. Therefore a combination of compact, efficient, high power erbium fibre sources operating around 1.5 j.un wavelength and periodically poled materials is ideal for high power frequency-up conversion [5] . Wide diversity in the output parameters of these sources, such as narrow linewidth, ultrashort pulses at selectable repetition rates as well as high peak and average saturated powers, could be achieved by using optical seeding of high power fibre amplifiers. Combined with second-harmonic generation in periodically poled materials, this would result in high average power, compact fibreformat sources capable of operating in a wide range of wavelengths. We demonstrated recently that an eficient 770nm laser source can be realised by using quasi-phase-matched second-harmonic (SH) generation of an optically seeded erbium fibre amplifier in PPKTP [6] . The reported 770nm source had the output power of 190 mW due to the relatively low 23 dBm average power level of the EDFA and short length of the PPKTP crystal. Following the analysis of the factors limiting the power-scalability of the SH generation at 770nm [7] , we demonstrate in this Letter that over 6 W average power SH generation is possible. The result is
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obtained by employing an optical seeding of the 40dBm EDFA and pulse shaping in a planar pigtailed amplitude modulator, and by using a long PPKTP crystal for efficient SH generation. Fig. 1 shows the experimental setup. We used a 1544nm, DFB laser diode as an injection source for the 20GHz, LiNbO, amplitude modulator. The CW operation of the DFB laser diode guaranteed a narrow-line, high contrast signal with a linewidth of 2GHz, which was well within the 1 nm SH quasi-phase-matching bandwidth of the PPKTP. The travelling-wave LiNbO, intensity modulator was DC biased to an extinction level of 4 0 dB and the R F modulation was applied. This allowed generation of output seed pulses with variable durations from 100 ps to 2 ns and repetition rates from 200 kHz to 25 MHz. The pulse shape was controlled by varying the peak-to-peak amplitude of the R F modulation signal. With the R F signal amplitude of 1.4V, square-like seed pulses were obtained which resulted in a constant intensity profile of the output optical pulses (Fig. 2) . A preamplification of the seed signal to the lOOmW level with the following spectral filtering resulted in a 38dB signal to ASE noise ratio at the input of the 40dBm EDFA. This, in turn, improved the saturation of the 40dBm EDFA and led to the reduction of the parametric mixing between the ASE and seed signal in the fibre of the amplifier [7] . The polarisation controllers provided linear polarisation of the output with better than lo2 extinction ratio.
The 10.5 W, free-space 1544nm output beam was focused into a 17"-long PPKTP crystal with waist size of 6 5 p n and BoydKleiman focusing factor of 0.22 [8]. The crystal had a 23pn poling period, 50/50 duty cycle, for first-order quasi-phase-matched SH generation at 1544nm at 88°C. A 350W fundamental peak power at 10.5W average output level was achieved with 1.911s seeding pulses at 14.5MHz repetition rate. Under these conditions, the phenomenological estimate [7] for the peak power SH conversion efficiency yields 70%. Experimentally (Fig. 3) , we obtained 64% efficient peak power SH generation which is in good agreement with the estimated efficiency value. This corresponds to a PPKTP derf value of -1 0 p W . As a result, with 10.5 W average power fundamental signal, 6 W average internal power at 772 nm was generated.
Under high average and peak power excitation in the wavelength ranges from 400 to 700nm, the SH-induced infrared absorption, grey-tracking and photorefraction dominate in KTP [I, 3, 41 . These typically lead to the decrease of the SH efficiency due to the parametric scattering on the photorefractive grating, colour centre induced absorption, SH-induced infrared absorption, and thermally induced self-focusing or SH phase-nlismatch. Conversely, around 770 nm, KTP exhibits virtually no photorefraction, grey-tracking or SH-induced absorption. Indeed, at the 6 W average output power at 772nm, we recorded only minor thermal loading which was increasing at the rate of 0.15 deg W-1 (see insert to Fig. 3 ). This resulted in a 1.5" thermally induced shift of the 1 I .2"-wide SH quasi-phase-matching bandwidth at the maximum pump power which was readily compensated by adjusting the temperature of the crystal. No thermal self-focusing was detected. We also analysed the spatial profile of the 772nm beam with the rise in the output power. No deviation from the Gaussian shape was observed even at the 6 W output level, which indicated an absence of photorefraction or nonlinear absorption related thermal selffocusing. The source benefited from excellent stability. The longterm instability of the 772nm output did not exceed 5% after hours (> 5) of continuous operation and could be further improved by employing a polarisation preserving fibre. Introduction: Bidirectional wavelength division multiplexing (WDM) ring networks (BWRNs) have attracted much attention and have been widely studied in that they offer a cost-effective network topology with self-healing capability for metropolitanarea networks (MANS). To interconnect two single fibre BWRNs, a bidirectional optical cross-connect (BOXC) is, demanded. In a BOXC, optical paths of individual wavelengths need to be independently reconfigurable in both directions, and several such structures have been suggested [l -31. In [3], a structure using two pairs of AWG multiplexeridemultiplexer was proposed. In this Letter, a novel BOXC structure using a single AWGR and tunable FBGs is proposed for BWRNs based on an interleaved wavelength scheme. Since only one AWGR is used in the proposed structure, it is compact and cost-effective. It also has good scalability due to the periodic property of the AWGR; the number of wavelength channels may be increased without increasing the number of ports of the AWGR. Moreover, unwanted backscattered signals are effectively suppressed in the proposed BOXC. we assume that XI, L3, ...,
propagate in a clockwise (CW) direction and &, h4, ..., &" in a counter-clockwise (CCW) direction. In the right BWRN, the wavelength channels are assumed to propagate in opposite directions to maintain symmetry. Assuming that the wavelength channels assigned to respective directions are interleaved with each other and the channel spacing of the AWGR is half of the signal channel spacing, the signals 1 5 i 5 n) launched into port 1 and port 1' from both BWRNs are demultiplexed into the alternate ports starting from port 4' and port 4 on both sides of the AWGR. The demultiplexed signals will pass through or be reflected by the tunable FBGs depending on the centre wavelengths of the FBGs. The reflected signals will be coupled back to the ports from which they come and remain in the same BWRN passing through two 4-port circulators, unlike the through-passing signals which will be coupled into the ports opposite to the incident ports and move to the other BWRN. Consequently, we can selectively switch between two BWRNs for one direction. For the other direction, the signals (&,, 1 5 i 5 n) are launched into port 2 and port 2' and &, are demultiplexed into the same ports as L2r-1 due to the cyclic property of the AWGR. The same operation is possible by tuning the other FBG in each loop. Therefore, we can achieve independent switching between two In the BOXC shown in Fig. 1 open, and a (2n + 3) x (2n + 3) AWGR is required for a BOXC interconnecting two BWRNs of 2n wavelength channels (n for each direction). If we utilise the periodic property of the AWGR and locate more tunable FBGs in the loops, the number of wavelength channels may be increased without increasing the number of ports of the AWGR. Note that the choice of input ports in the AWGR is not limited to the uppermost ports in the proposed BOXC structure. Any two consecutive ports may be used depending on the choice of the wavelengths of the channels.
The centre wavelength of the FBGs may be tuned by strain or temperature. If fast switching is demanded, the tunable FBGs in Experiments: Fig. 2 shows the experimental setup. In our experiment, a 16 x 16 AWGR with 100GHz channel spacing was used.
The insertion loss of the AWGR was about 6dB and its crosstalk was less than -30dB in every port. Ports 15, 16, 15', 16' were used as input ports. Three wavelengths 1544.1 nm (h,), 1545.7nm (&), and 1547.3 nm (h,) were launched in one direction (into a) through a 4 x 1 combiner and one wavelength of 1546.5nm for the other direction (into c). The launched optical power of each wavelength was -10dBm. One 6-port circulator instead of two 4-port circulators was used for each BWRN. To observe the light propagation in both directions in the left BWRN in Fig. 2 , two additional 3-port circulators were used. Insertion losses of all the circulators were less than 0.7 dB. The light absorbers were implemented by
